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SECTION  I 


INTRODUCTION 

In  August  1978,  I IT  Research  Institute  (IITRI)  was  tasked  with 
developing  design  data  for  a  system  to  treat  hydrazine-laden 
wastewater  generated  by  the  Air  Force  Logistics  Command  (AFLC) 
Blend  Facility  at  the  Rocky  Mountain  Arsenal  (RMA).  The  Blend 
Facility  currently  discharges  1000  to  2000  gallons  of  wastewater 
a  day  to  a  holding  pond;  there  it  is  treated  with  calcium  hypo¬ 
chlorite  and  ultimately  discharged  to  a  nearby  lake.  Concern 
over  neat  hydraxine  (HZ),  unsymmetrical  dlmethylhydrazine  (UDMH) , 
and  dimethyl  nitrosamine  (DMNA)  in  the  holding  pond  effluent 
prompted  the  Colorado  Department  of  Health,  Water  Pollution 
Control  Commission,  to  rule  the  present  treatment  system 
unsatisfactory.  A  system  proposed  by  IITRI  would  incorporate 
ultraviolet  (UV)  catalyzed  chlorine  to  treat  the  wastewater. 
Residual  chlorine  would  be  neutralized  with  sodium  thiosulfate, 
the  effluent  being  discharged  to  the  RMA  trickling  filter  plant 
and  ultimately  to  a  receiving  stream. 

On  31  October  1978,  IITRI  requested  that  the  Air  Force 
Engineering  and  Services  Center,  Division  of  Envlronics 
(AFESC/RDV)  evaluate  the  toxicity  of  the  chlorinated  wastewater 
and  comment  on  the  possible  effects  of  the  effluent  on  the  RMA 
trickling  filter.  The  approach  formulated  by  RDV  Involved 
classic  Warburg  Respirometer  techniques  coupled  with  an  eva¬ 
luation  of  ion  exchange  and  activated  carbon  as  pretreatment 
alternatives.  This  report  summarizes  data  from  these  studies  and 
their  interpretation. 
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SECTION  II 


METHODS  AND  MATERIALS 

1.  WASTE  CHARACTERIZATION 

a.  General .  The  wastewater  obtained  from  IITRI  originally 
contained  500  parts  per  million  (ppm)  HZ,  500  ppm  UDMH,  100  ppm 
DMNA,  and  500  ppm  monomethylhydrazine  (MMH) .  This  synthetic 
wastewater  had  been  batch  treated  in  a  12-liter  glass  reactor  at  a 
radiation  level  of  0.9  watt/liter.  The  experiment  was  performed 
at  pH  5.  Chlorine  was  added  tc  the  reactor  at  a  low  flow  rate  to 
allow  pH  control  to  +  0.1  pH  unit.  The  UV  light  was  placed  in  the 
reactor  from  the  start  of  the  experiment.  IITRI  had  reported  that 
the  MMH,  UDMH,  and  HZ  reacted  rapidly  with  the  chlorine,  keeping 
residual  chlorine  below  detectable  levels  in  the  reactor 
throughout  the  first  phase  of  the  experiment.  When  these  three 
compounds  were  consumed,  the  chlorine  concentration  began  to 
increase.  The  chlorine  concentration  was  then  brought  to  500  ppm 
and  held  at  that  level  for  several  hours.  After  the  run  the  pH 
was  adjusted  to  7,  residual  chlorine  removed  with  sodium 
thiosulfate,  and  capillary  gas  chromatography  (Reference  1)  analy¬ 
ses  performed  to  verify  the  complete  oxidation  of  the  hydrazines 
and  DMNA. 

Using  procedures  outlined  in  Standard  Methods  (Reference  2), 
the  treated  wastewater  was  characterized  in  this  laboratory  as 
outlined  in  Table  1.  Chemical  Oxygen  Demand  (COD)  analyses  were 
performed,  but  results  were  erratic  due  to  high  chloride  and 
sulfate  concentrations.  The  COD  was  estimated  to  be  M50 
milligrams  per  liter  (mg/j,  )• 

b.  Chlorination  End  Products.  The  stoichiometry  associated 
with  the  chlorinolysis  of  HZ,  MMH,  UDMH  and  NDMA  predicts 
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methanol,  nitrogen  gas,  and  hydrochloric  acid  as  the  only  reac¬ 
tion  products.  Hnw'-voi  ,  it  Is  known  that  several  alternative 
mechanloitis  may  proceed  under  certain  conditions  which  involve 
more  than  one  electron  transfer  and  can  lead  to  the  formation  of 
ammonia  and  methane.  These  compounds,  in  the  presence  of  excess 
chlorine,  could  lead  to  the  formation  of  certain  chlorinated 
hydrocarbons  and  amines,  including  CH3CI,  CHpClp,  CHCI3,  CCI4, 
NH2OI,  NHClp  and  NCI3  (the  most  undesirable  since  it  is 
explosive) .  The  other  compounds  in  the  treated  effluent  prompted 
TTTRT  to  conduct  capillary  gas  chromatography  (GC)  analyses 
(Reference  1)  on  the  wastewater.  All  of  the  compounds  in 
question  were  found  to  be  below  detectable  limits. 

c.  Incomplete  Oxidation  Products.  Recent  gas  chromatography 
mass  spectrometry  (GC-MS)*  work  on  the  hydrazine  fuels  in  our 
Environmental  Sciences  Branch  has  shown  that  the  products  asso¬ 
ciated  with  the  incomplete  chlorination  of  these  fuels  are  quite 
numerous.  A  summary  of  those  compounds  identified  to  date  is 
presented  in  Table  2. 

None  of  these  compounds  were  detected  in  the  treated  IITRI 
sample,  using  GC-MS,  indicating  that  the  oxidation  had  gone  to 
com plot  ion. 

2.  WARBURG  TECHNIQUE 

The  Warburg  used  in  this  study  was  a  Precision  Scientific 
rotary  apparatus  with  18  manometer  stations.  A  shaking  rate  of 
130  strokes  per  minute  was  used  with  a  shaking  stroke  of  four 
centimeters.  The  constant-temperature  bath  was  maintained  at 


#Finnigan  3200  coupled  to  a  System  150  data  system. 
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25°C.  Manometers  were  open-end  U-tubes  calibrated  from  0  to  30 
cm  In  one-millimeter  (mm)  increments.  Unity  oil,  specific  gra¬ 
vity  1.000  was  used  as  manometer  fluid.  Each  manometer  was 
equipped  with  an  adjustable  fluid  reservoir  for  maintaining  the 
system  at  constant  volume.  Respirometer  flasks  were  conical, 
borosilicate  glass-vessels  with  side-arm  and  centerwell.  Each 
flask-manometer  couple  was  calibrated  using  a  Gilmont® 
calibrator,  as  described  by  Yamaguchi  (Reference  3).  All  experi¬ 
ments  were  conducted  with  0.2  mil  of  10  percent  KOH  in  the  center 
well.  Folded  2  cm2  strips  of  Whatman  #1  filter  paper  were  also 
placed  in  the  center  wells  to  enhance  CO2  absorption.  The  other 
flask  components  were  as  described  in  subsections  4d  and  4e. 

TABLE  1.  ANALYSIS  OF  RMA  TREATED  WASTEWATER 


Parameter 

Total  Solids  (TS) 

Total  Volatile  Solids  (TVS) 
Total  Suspended  Solids  (TSS) 
Total  Kjeldahl  Nitrogen  (TKN) 
Ammonia  Nitrogen  (NH^-N ) 
Sulfates  (SOjj) 

Chlorides  (Cl) 


Concentration  (mg/&) 


10,790 

2,670 

10 


4.5 


9 

58 

5,250 


Total  Alkalinity  (M0) 


10  (as  CaCO-3 ) 


TABLE  2.  PRODUCT0,  EXPECTED  FROM  THE  INCOMPLETE 
CHLORINATION  OF  HYDRAZINE  FUELS 

Hydrazones:  Formaldehyde  (FH) 

Formaldehyde  monomethyl  (FUH) 
Formaldehyde  dimethyl  (FDH) 
Acetaldehyde  dimethyl  (ADH) 
Polymeric  FMH,  FDH 

Amines:  Dimethyl 

Trimethyl 

Others:  Ammonia 

Azomethane 

Formaldazine 

Dime thy If oramlde 

Detramethyltetrazene 

Acetaldehyde 

1-methyl  -  1,2,4-triazole 

3.  CULTURES 

a.  Stock  Culture.  A  stock  culture  of  heterotrophic  bacteria 
was  maintained  in  a  f ill-and-draw,  Plexiglas©  reactor,  660  mm 
high  and  152  mm  in  diameter,  containing  a  liquid  volume  of  10H. 
Mixing  and  aeration  were  by  diffused  air  at  a  rate  of  0.0019 
m3/min  (0.067  cfm) .  Waste  sludge  was  removed  daily  to  maintain  a 
Solids  Retention  Time  (SRT)  of  nine  days.  The  inorganic 
nutrients  In  the  feed  are  shown  In  Table  3;  Carnation®  dry  milk 
was  provided  as  the  sole  carbon  source  at  a  COD  of  600  mg/l . 
Phosphorous,  potassium,  and  buffer  capacity  were  provided  through 
the  addition  of  4  grams  (gm)  K2HPO4  and  2  gm  KH2PO4  per  liter  of 
f  eod . 
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TABLE  3.  INORGANIC  SALTS  USED  FOR  THE  GROWTH  OF  STOCK  CULTURE 


Source 

Mineral 

Concentration 

of  Mineral  in  Feed 

FeCl-j  .6H20 

Fe* 

mg/ 

6 

mg/mg  COD 

1x10-2 

MgSOv7H20 

Mg* 

3 

5x10-3 

NH4CP 

N 

36 

0.06 

CaC^ 

Ca 

3 

5x10-3 

MnCl2.4H20 

Mn 

0.06 

1x10-4 

Na2Fo04 . 2H20 

Mo 

0.006 

1x10-5 

CuSc^ . 5H20 

Cu 

0.06 

1x10-4 

ZnCl2 

Zn 

0.09 

1.5x10-4 

CoCl 2 • 6H20 

Co 

0.06 

1x10-4 

•Iron,  magnesium,  and  nitrogen  solutions  were  made  up  at  con¬ 
centrations  such  that  daily  additions  of  10  mis  affected  the 
desired  concentrations.  All  other  trace  nutrients  listed  were 
available  from  one  stock  solution,  10  mis  of  which  were  added 
daily  to  the  feed. 


Feeding  was  accomplished  once  every  24  hours  according  to  a 
procedure  by  Joel  and  Orady  (Reference  4). 

(1)  The  air  to  the  reactor  was  stopped  for  one  minute 
and  the  reactor  volume  adjusted  to  104  with  deionized  water  to 
replace  evaporation  losses. 


(2)  The  air  was  turned  back  on,  and  the  reactor  was 
allowed  to  mix.  Samples  were  removed  for  mixed  liquor  volatile 
suspended  solids  (P1LVSS)  and  soluble  COD  analyses. 

(3)  A  volume  of  mixed  liquor  appropriate  to  maintain 
the  SRT  at  the  desired  value  was  removed  from  each  reactor.  This 
volume  was  adjusted  to  account  for  solids  lost  in  the  supernatant 
on  the  preceding  day. 


(4)  The  air  was  stopped  again  for  30  minutes,  and  the 
solids  were  allowed  to  settle. 


(5)  The  supernatant  was  decanted  down  to  the  54  mark  in 
each  reactor  and  samples  removed  for  Volatile  Suspended  Solids 
( VSS )  determination. 


(6)  Five  liters  of  feed  solution  were  added  to  each 
reactor,  and  the  air  was  started  again. 

In  studies  using  these  organisms,  cells  were  withdrawn 
from  the  reactor,  washed  three  times  in  distilled  water,  and 
resuspended  in  a  small  volume  of  distilled  water.  A  mixed  liquor 
volatile  suspended  solids  test  was  performed  according  to  the 
14th  edition  of  Standard  Methods  and  the  cell  suspension  adjusted 
to  2000  mg/ 4  with  additional  distilled  water. 
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b.  Trickling  Filter  Organisms.  For  the  second  group  of 
Warburg  studies,  trickling  filter  organisms  from  the  Tyndall  Air 
Force  Base  trickling  filter  plant  were  used.  Use  of  these  orga¬ 
nisms  represented  a  conservative  approach  in  that  the  trickling 


filter  slime  was  used  in  a  lispersed  growth  environment. 


The  slime  was  scraped  from  the  rock  media,  blended  in  a 
Waring  blender  at  the  lowest  setting  for  one  minute;  and  aerated 
for  24  hours  without  substrate  before  use.  The  cells  were  washed 
three  times  in  a  pH  7.4  phosphate  buffer  (Table  4)  and 
resuspended  in  a  buffer/inorganic  salts  medium  (Table  5).  An 
fILVSS  test  was  performed,  and  the  suspension  was  adjusted  to 
875  mgJt. 
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TABLE  5.  RUFFKR/ INORGANIC  SALTS  MEDIUM 


Constituent 

Volume/Liter 

Reference 

Phosphate  Buffer 

2.5  ml 

Table  4 

Stock  Fe  Solution 

0.5  ml 

Table  3 

S took  Mg  Go  1 u  1 1 0  n 

0.5  ml 

Table  3 

Stock  N  Solution 

0.5  ml 

Table  3 

Stock  Trace  Nutrient 

0.5  mi 

Table  3 

Solution 


4.  KXPKR I MENTAL  WORK 

a.  General .  A  waste  stream  containing  500  ppm  HZ,  500  ppm 
HUH ,  500  ppm  UPMH,  and  100  ppm  DMNA  could,  assuming  complete  oxi¬ 
dation  to  methanol,  contribute  a  waste  load  of  1450  mg/£  COD 
after  chlorination.  For  a  flow  of  2000  gallons  per  day,  this 
represents  an  additional  24  pounds  of  COD  per  day  to  the  RMA 
trickling  filter  which  currently  treats  from  0.06  to  0.1  million 
gallons  per  day  (mgd)  of  domestic  wastewater.  As  the  current 
influent  Biochemical  Oxygen  Demand  (BOD5)  j_s  only  20  mg/ A,  the 
blend  facility  discharge  would  essentially  double  the  present 
organic  loading.  However,  because  the  plant  is  operating  at 
less  than  0.01  percent  of  its  design  capacity,  the  limiting  fac¬ 
tor  will  most  probably  be  associated  with  total  dissolved  solids 
and/or  the  presence  of  any  toxic  organics  produced  during 
chlor inolysis ,  not  COD  loading. 
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b.  P retreatment .  Since  the  chlorinated  wastewater  Is  high 
In  chlorides,  l.e.,  over  5d00  mg/n  ,  several  aliquots  of  the  ori¬ 
ginal  sample  were  passed  through  a  bench-scale,  strong-base  Ion 
exchange  column  packed  with  Amber! lte©  IHA-93B  resin  (hydroxyl 
cycle).  An  analysis  ori  these  effluents  confirmed  that  all 
chlorides  had  been  removed.  These  samples  wore  then  used  In  both 
the  toxicity  and  biodegradation  experiments  described  below. 

While  analysis  of  the  wastewater  Indicated  that  methanol  was  the 
only  majer  reaction  product,  several  samples  were  passed  through 

a  bed  of  Calgon  P-300  activated  carbon  at  0.15  gpm/ft2  Pr^or  to 
the  collection  of  oxygen  uptake  data.  Because  most  of  the  poten¬ 
tial  reaction  products  discussed  thus  far  should  adsorb  to  some 
degree  ard  since  not  all  of  the  partial  oxidation  products  have 
been  idertified  to  date,  carbon  pretreatment  would  serve  as  a 
rough,  screening  technique  In  evaluating  the  effects  of  organics 
(If  any)  In  the  chlorinated  wastewater.  These  treated  samples 
were  usee  in  the  two  standard  protocols  established. 

c.  Warburg.  Two  standard  Warburg  techniques  were  used  in 
this  study;  one  was  designed  to  evaluate  waste  toxicity,  and  one 
was  designed  specifically  for  biodegradabll lty . 

In  the  first  technique,  sample  flasks  were  set  up  containing 
microorganisms ,  a  known  concentration  of  standard  substrate  (milk 
or  sodium  acetate)  and  wastewater.  By  comparing  uptake  in  these 
flasks  with  the  uptake  In  substrate  only,  it  was  possible  to  make 
inferences  about  the  effects  of  the  particular  wastewater  sample 
on  standard  substrate  degradation. 

In  the  second  protocol,  flasks  containing  only  microorga¬ 
nisms  and  wastewater  were  used.  A  standard  carb- -n  source  was  not 
Incorporated  Into  the  flasks  to  Insure  that  all  oxygen  uptake 
above  endogenous  was  due  to  microbial  degradation  of  the 
wastewater  sample.  Note,  however,  that  a  limited  number  of  com¬ 
pounds  have  been  shown  to  stimulate  oxygen  uptake  even  though 
they  are  not  utilized  for  energy  or  synthesis  (Reference  5). 
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d.  Stock  Culture  Studies.  The  various  components  In  the 
Warburg  flasks  for  the  stock  culture  studies  were  as  summarized 
In  Table  6.  All  runs  were  made  with  a  thermobarometer  flask  con¬ 
taining  3-2  m£s  of  distilled  water  and  two  endogenous  flasks  con¬ 
taining  ?  mj,s  of  distilled  water  and  1  m£  of  stock  culture  cells. 
Those  flasks  calling  for  standard  substrate  (milk)  were  made  up 
with  an  initial  food  (nilk-COD)  to  microorganism  ratio  ('VM)  of 
0.3  equal  to  that  in  the  fill  and  draw  reactor.  All  flasks  had 
an  Lnorganlc-salts  to  microorganism  ratio  equal  to  that  in  the 
fill  and  draw  reactor. 

e.  Filter  Organism  Studies.  All  runs  were  made  wltn  a  ther- 
rnobarometer  flask  containing  A. 2  mis  of  phosphate  buffer  and  two 
endogenous  flasks  containing  2  mis  of  distilled  water,  1  m  f.  of 
the  buffer/salts  medium  and  1  mfc  of  cells.  Those  flasks  calling 
for  standard  substrate  (sodium  acetate)  were  prepared  with  an 
initial  COD-to-microorganism  ratio  of  0.3,  a  high  estimate  of  the 
organic  loading  at  RMA  (0.06)  based  on  a  uniform  slime  taickness 
of  2  mm.  As  each  flask  was  made  up  to  4.0  mis,  dilution  of  the 
wastewater  samples  was  very  conservative  (1:4)  compared  to 
expected  dilutions  at  RMA  (1:30)*.  Table  7  summarizes  the  matrix 
established  for  these  experiments. 


•Rased  on  low  domestic  flow  of  0.06  MGD  and  high  blend  facility 
d  ischarge  of  2000  gallons  per  second  ( gpd ) . 
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TABLE  6 


STOCK  CUT, TURK  FI, ASK  MATRIX 


Flask 

4:5 

6:7 

8:9 

19:  IS 

14:  15 

8:9 

10:  11 

17:11 


No .  Date 

8  Dec 


8  Dec 


8  Dec 


8  ;Ve 


19  Tan 


19  Jan 


19  Jan 


19  Jan 


Components 

1  mg  cells 

1  mg  Carnation®  milk  feed  with 
inorganic  salts 
1  mg  distil  Led  water 
1  mg  cells 

1  mg  Carnation®  milk  feed  with 
Inorganic  salts 
1  mg  ITTRI  wastewater 
1  mg  cells 

1  mg  Carnation®  milk  feed  with 
inorganic  salts 

1  mg  ITTRI  wastewater  with  chlorides 
removed  (pH  IP) 

1  mg  c e  1  1  s 

1  mg  Carnation®  milk  feed  with 
inorganic  salts 

1  mg  of  ITTRI  wastewater  treated  with 
activated  carbon 
1  mg  cells 

1  mg  carnation®  milk  feed  with 
inorganic  salts 

1  mg  of  TITRI  wastewater  with  chlor¬ 
ides  removed  ( pH7 ) 

1  mg  cel  is 

1  mg  TITRI  wastewater 
1  mg  inorganic  salts 
1  mg  eel  1 s 

1  mg  TITRI  wastewater  with  chlorides 
removed  ( pH  7 ) 

1  mg  inorganic  salts 
1  mg  el  1  1  s 

1  mg  1  nnriciri  1  o  ;-.a  '  ts 

1  mg  ■  ITR  f  wa:', '.'•water  treated  with 

a  ■  *  /  a  *■  ed  carbon 

i: 


Flask 

6:7 


10:11 


1 6 


12:13 


4:5 


8:9 


14:15 


TABLE  7.  FILTER  ORGANISM  FLASK  MATRIX 


No .  Date 
2  Jan 


2  Jan 


2  Jan 


2  Jan 


2  Jan 


2  Jan 


2  Jan 


Components 

1  mi  cells  in  buffer 
1  mg,  inorganic  salts 
1  mg  sodium  acetate 
1  mg,  distilled  water 
1  mg,  cells  In  buffer 
1  mg  inorganic  salts 
1  mg  sodium  acetate 
1  mg  IITRI  wastewater 
1  mg  cells  in  buffer 
1  mg  inorganic  salts 
1  mg  sodium  acetate 
1  mg  IITRI  wastewater  treated  with 
activated  carbon 
1  mg  cells  in  buffer 
1  mg  inorganic  salts 
1  mg  sodium  acetate 

1  mg  IITRI  wastewater  minus  chlorides 
( pH7 . 0 ) 

1  m  g  cells  in  buffer 
1  mg  inorganic  salts 
1  mg  IITRI  wastewater 
1  mg  distilled  water 
1  m  g  cells  in  buffer 
1  m  g  inorganic  salts 

1  m  g  IT.TRI  wastewater  minus  chlorides 
(pH  7.0) 

1  mg  distilled  water 
1  m  l  cells  in  buffer 
1  m  g  Inorganic  salts 
1  m  g  IITRI  wastewater  treated  with 
activated  carbon 
1  m  g  distilled  water 
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1.  TOXI-TITY 

a.  -took  Culture  Organisms.  The  effect  of  chlorinolysls 
wastewater  (referred  to  as  IITRI  wastewater)  on  the  respiration 
of  stock  culture  organisms  is  shown  in  Figure  1.  Each  point  has 
been  corrected  for  endogenous  respiration  and  represents  the  noun 
of  duplicate  flasks.  The  raw  data  have  been  summarized  in 
Appendix  A. 

The  Tarnation®  milk  shows  a  cumulative  oxygen  uptake  of  23'5y? 
expected  based  on  a  measured  HOD  of  (0.036  mg  OOD/mg  milk  solids). 
All  of  tie  milk  and  approximately  50  pi  of  IITRI  wastewater,  were 
recovered  as  oxygen  uptake,  for  the  sample  containing  both  milk 
and  wastewater,  indicating  that  the  chlorinolysls  effluent  did 
not  inhibit  these  organisms  with  respect  to  standard  substrate 
oxidation . 

b.  Trickling  filter  Organisms.  Figure  2  shows  that  the 
IITRI  wastewater  exhibited  no  toxic  effects  on  the  respiration  of 
trickling  filter  organisms.  However,  a  lag  period  of  about  24 
hours  occurred  before  any  significant  oxygen  utilization  was 
observed . 

Many  reasons  can  be  postulated  for1  ouch  a  response.  A  lower 
concentration  of  trickling  filter  organisms  was  used  in  these 
experiments ,  i.e.,  R75  mg/?,  versus  2000  mg/?  for  the  stock 
culture  runs.  Furthermore,  the  trickling  filter  organisms  which 
are  normally  found  in  a  fixed-film  environment  were  operating  in 
a  dispersed  growth  mode.  One  Important  aspect  of  the  oxygen 
progression  shown  in  pirure  2  is  the  ’nigher  oxygen  uptake  (105u?  ) 
attributed  to  the  T ITR [  wastewater  in  the  presence  of  trickling 
filter  organisms  than  *die  stock  culture  organisms  (50p2  ). 


TIME  (HRS) 


Figure  1.  The  Effect  of  IITRI  Wastewater  on  the 
Respiration  of  Stock  Culture  Organisms 
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CUMULATIVE  OXYGEN  UPTAKE  (1)1 


TIME  (HRS) 

I  iqnrc  2.  KfftM’ts  ol  M'l'KI  W.i  s  t  i'wa  1 1  •  r  ,ih  tlu- 

\«‘ : .]  >  i  i  .  t  I  i  i  >n  'il  T  i  i  i  -k  I  i  ihi  -  l-'  i  I  I  i  •  i  O i  i  }iui!> 


The  fUtor  organisms  wore  bother  able  to  degrade  the 
wastewater  following  an  initial  acclimation  period.  If  cotal 
oxygen  uptake  per  milligram  of  volatile  suspended  solids  (VSS)  is 
computed,  this  difference  is  more  evident,  i.e.,  120y£  /mg  filter 
Vf.f.  and  .'b  ps./'mg  stock  VSS .  From  these  studies,  it  appears  that 
the  chi  oririol  ys  i  s  effluent.  Is  not  toxic  and  appears  to  be 
b  iodegradah  I  e  by  mmaccllmated  organisms.  However,  the  effluent 
itself  's  bet  ter  degraded  by  trickling  filter  slime  by  a  factor 
of  b  compared  to  stock  culture  organisms. 

c  .  P ret reatmont 


(1)  Carbon .  Figure  3  shows  little  difference  (with 
respect  to  stock  culture  oxygen  uptake)  between  raw  IITRI  samples 
and  those  treated  with  activated  carbon. 

These  data  confirm  that  chlorination  of  the  wastewater  was 
complete  and  that  no  partial  oxidation  or  chlorinated  end  pro¬ 
ducts  wore  present  in  the  samples  tested. 

As  would  be  expected  from  the  stock  culture  data,  treating  the 
wastewater  with  carbon  had  no  impact  on  the  uptake  curve  for 
flLter  organisms.  The  results  are  summarized  in  Figure  4. 

(2)  Ion  Exchange.  Pretreatment  with  ion  exchange  to 
remove  the  high  concentration  of  chlorides  significantly  reduced 
the  toxicity  of  the  chlor inolys Is  effluent  to  the  stock  culture 
organisms  as  shown  in  Figure  5* 

The  mean  total  oxygen  uptake  for  the  Carnation©  with  treated 
[  H’H r  wastewater  samples  was  400  (170  of  uptake  attributed 

to  the  TITKI  wastewater).  This  represents  a  three-fold  increase 
In  uptake  over  the  sample  containing  the  high  concentration  of 
chlorides.  The  observed  advantages  associated  with  the  reduced 
osmotic  pressure  may  well  be  realized  through  dilution  of  the 
blend  facility  effluent  at  the  RNA  filter  with  the  domestic  flow. 
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CUMULATIVE  OXYGEN  UPTAKE  (JUL) 


TIME  (HRS) 


Figure 


The  Effect  of  Activated  Carbon  Prof rivitmont  on  the 
Toxicity  of  IITRf  Wastewater  to  Stock  Culture  Organism 


+  A 


*  STD.  SUB. 

>  STD.  SUB.  +  IITRI 
+  STD  SUB.  +  IE  EFFLUENT 


-  \  r 


* 


0  12  24  36  48  60  7: 

TIME  (HRS) 


Figure  5.  The  Effect  of  Ion  Exchange  Pretreatmont  on  the 
Toxicity  of  ITTPI  to  Stock  (hilt  nr  «•  Organ  i  hitik 


Figure  ft  demnnst  rut.es  the  need  to  adjust  the  pH  Prom  ]?  hack 
into  the  h  lol  ogi  c;i !  range  fo  1  1 ,)W  1  nr,  protreatment  with  strong  base 
resin.  The  negative  oxygen  uptake  Indicates  rio  microbial 
activity. 


Ton  exchange  pretreatment  had  little  effect  on  the  uptake  of 
standard  substrate  by  filter  organisms  as  shown  in  Figure  7. 

The  difference  between  stock  and  filter  organism  response  to  ele¬ 
vated  osmotic  pressure  as  demonstrated  in  these  experiments  is 
attributed  to  population  dynamics.  As  biological  principles 
would  predict,  the  more  specialized  milk  grown  population  was 
less  tolerant  to  such  an  env ironmental  change  than  the  more 
heterogenous  filter  population. 

2.  BIODEGRADABIMTY 

a.  Stock  Culture  Organisms.  Figure  B  illustrates  t.ne 
biodegradability  of  the  TTTRI  wastewaters  by  stock  culture 
organisms.  The  cumulative  uptake  of  75  y«.  for  the  chlorinoiysis 
effluent  compares  well  with  that  value  of  50  reported  in  the 
toxicity  section. 

Cumulative  oxygen  uptake  values  observed  for  the  IITRI  carbon 
column  effluent  also  agree  with  the  values  obtained  by  difference 
using  the  Carnation©  dry  milk.  IITRI  wastewater  treated  with 
carbon  gave  a  cumulative  oxygen  uptake  value  of  65  with 
microorganisms  only  and  70  y£,  when  calculated  by  difference. 

Pretreatment  with  ion  exchange  had  a  pronounced  effect  on  the 
biodegradability  of  the  wastewater,  indicating  that  degradation 
can  be  increased  by  a  factor  of  nearly  3  in  the  absence  of  TDS. 
Again  the  cumulative  uptake  shown  in  Figure  8  for  this  sample, 

250  y  s,  (357  mg/  ROD),  correlates  well  with  the  200  yj,  observed 
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CUMULATIVE  OXYGEN  UPTAKE 


0  12  24  36  48  60  72 

TIME  (HRS) 

Figure  6.  The  Effect  of  Ion  Exchange  Pretreatment  Without  pH  Adjustment 
on  the  Toxicity  of  IITRT  Wastewater  to  Stock  Culture  Organisms 


*  STD  .  SUB  . 

>  STD.  SUB.  +  IITRI 

♦  STD.  SUB.  +  IE  EFFLUENT 


0  12  24  36  48  60  72 

TIME  (HRS) 


The  Effect  of  Ion  Pretreatment  on  the  Toxicity  of  IITRI 
Wastewater  to  Trickling  Filter  Organisms 
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during  the  toxicity  experiments.  It  is  obvious  Prom  these  and 
previous  data  that  the  high  concentration  of  chlorides  is  inhibi¬ 
tory  to  the  stock  culture  organisms. 

b.  Trickling  Filter  Organisms.  The  data  in  Figure  9  confirm 
that  pretreatment  with  activated  carbon  and  ion  exchange  have  no 
effect  on  the  biodegradability  of  the  ITTRI  wastewater  by  filter 
organisms.  It  is  degradable  but  the  required  acclimation  period 
of  some  24  hours  is  again  evident. 

This  lag  time  should  not  present  operational  problems  in  a 
continous  flow  trickling  filter  plant  once  steady  state  is 
achieved.  The  moan  cumulative  uptake  for  all  three  samples,  lOOyi 
correlates  very  well  with  values  obtained  by  difference  during 
the  toxicity  experiments  (mean  =  97  p£). 
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F;gure  9.  Biodegradability  of  IITRI  Wastewater  by 
Trickling  Filter  Organisms 


SECT  [ON  IV 


SUMMARY 


Investigations  Involving  standard  substrates  and  untreated 
IITHI  wastewater  indicated  that  substrate  inhibition  does  not 
occur  in  either  stock  cultures  or  trickling  filter  slimes. 

Unlike  the  stock  culture  organisms,  trickling  filter  biomass  con¬ 
sistently  required  some  ?4  hours  to  acclimate  to  all  forms  of  the 
wastewater.  This  phenomenon  has.  been  attibuted  to  the  protocol 
employed,  i.e.,  these  slimes  were  evaluated  In  a  dispersed  growth 
environment  and  maintained  on  unfamiliar  (yet  very  degradable) 
substrate  (NaAc).  However,  under  steady-state  conditions 
(cent  incus  blend  facility  discharge),  this  observed  lag  should 
post;  no  operational  problems  after  an  initial  acclimation  period. 

U lodogradat ton  data  confirmed  that  IITRI  wastewater  does  not 
Inhibit  those  organisms  tested  and  showed,  in  fact,  that  the 
waste  itself  can  be  recovered,  to  some  extent,  as  oxygen  uptake. 
An  a  per  mg  basis,  the  trickling  filter  biomass  is  better 

able  to  degrade  the  wastewater  by  a  factor  of  5. 

Activated  carbon  pretreatment  data  suggest  that  no  chlori¬ 
nate  1  hydrocarbons  or  incomplete  oxidation  products  were  formed 
during,  the  UV-chl  or  inolysis  process.  Cummulative  oxygen  uptakes 
for  these  samples  were  very  comparable  in  both  the  toxicity  and 
biodegradation  protocols.  Ion  exchange  pretreatment  signifi¬ 
cantly  reduced  dissolved  solids.  The  stock  culture  organisms 
responded  with  a  three-fold  increase  in  cumulative  oxygen  uptake 
whereas  the  filter  organisms  showed  no  significant  change  in 
deg,  rad  at  Ion  . 
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These  trends  are  well  illustrated  1  n  Table  8  which  is  a 
summary  of  60-hour ,  oxygen-uptake  values  for  the  experimental 
matrix.  These  values,  which  were  easily  calculated  using  the 
conversion  1  p&./O.  001  43  mg  Op  (assuming  standard  temperature  arm 
pressure),  were  determined  both  directly  (biodegradation 
protocol)  and  by  difference  (toxicity  protocol ) . 


(.  INCLUSIONS 

1.  rJV-chIorinolysis  of  a  solution  containing  500  ppm  cadi  !!/. , 
NMH,'  UDMH,  and  DUMA  produced  an  effluent  which  was  not  toxic  t;n 
stock  culture  or  trickling  filter  he tero trophic  organisms. 


2.  The  wastewater  itself  exerts  an  oxygen  demand  of  approxima¬ 
tely  150  mg/fc  in  the  presence  of  875  mg/fc  volatile  trickling 
filter  sclids.  Ion  exchange  pretreatment  did  not  significantly 
change  this  value. 


3.  In  the  presence  of  a  milk  sol ids-reared ,  dispersed  growth 
stock  culture  (2000  mg/fc  fILVSS)  ,  ion  exchange  protreatinent  reduced 
TDS  such  that  cummulative  oxygen  demand  values  were  increased 
from  90  mg/fc  to  335  mg/fc  . 

4.  Current  flows  at  R!1A  should  insure  sufficient  dilution  such 
that  actial  chlorinated  effluent/organism  ratios  will  be  7  to  8 
times  lower  than  those  investigated  here. 
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.+  ^ 

1  7  -  .  1 

A.  ■> 

]  7  -*  .  0 

^  *■ 

i  /  n  .  b 

'1 1/ 

!  7  4  .  1 

n 

„ 

m  i; 

1  *»  "  .  1 

.  o 

u  .  ) 

-V’  .  r- 

4  7.4 

i-  .  0 

7  1.4 

l  M  .  i 

i  b  1  .  / 

P-O.  1 

cUt,  b 

Ob  .  .  1 

d  '.  0 

S  r>  '•>  .  ry 

O  0  f  .  0 

o  7  1.1 

0  0  0  .  1 

o  u .  i 

!  '  <  4  •  -> 

04  n  .b 

on  -t.  o 

Ob*.  .  b 

0  Ob  .  i 

Obb  .  0 

0  10.7 

on'-’ .  4 

0  14.1 

Ob  4  .  0 

.VI1 .1 

OOo  .  4 

O  7  II  .  4 

000  .  *♦ 

0  7 1~.  .  0 

00b.  4 

0  i  1 ■•  .  « 

0?4.4 

o  4  b ■ .  7 

All.  i 

SAMPLES  AVERAGED:  Carnation©  +  IITRI /Carnation®  +  IITRI 


-  '•*  (.  -  •  i  <  I  ■  *■  I.  4  OS')  >  .  1/  7 


r 

h  1  . .  1  * 

H  L  4  Sr  / 

A  l/r  iyA(j7 

r  •  ■ 

1  - 

tj  -  1  »'• 

S»j  ^ 

1  1  4  f  fz  ..  I-  •»  1  J  4 

U  m  j  a  r.  f-  s  i  .i  '■* 

) 

(  Ut.  i 

(1.  I 

(  >  )L  ) 

•  ‘i 

I).  0 

0  .  u 

1 

.  j  0 

~  1 

.  1 

1  i  .  H 

SO.  > 

.  0  0 

(  l 

•  ^ 

74.  1 

7b.  J 

7  . 

i»  ; 

1  w 

•  s 

1^0.1 

140.  i 

i  S—  -i 

n  U 

1  wr, 

•  ^ 

4  i  «♦  .  4 

00b  .  b 

o'  .1  , 

0-j 

/ir; 

.  f* 

z/'.O 

01  b. 4 

o-  1  , 

W  </ 

^  1  1 

•  ^ 

0  D  i  .  "> 

001 . 1 

U  (; 

41  ^ 

.  / 

z‘  1  <  .  (J 

0  0  S  .  J 

s'  )  , 

01/ 

1  4  •> 

•  h 

4  10.  b 

t:  0  o  .  1 

< ')  , 

; 

1 

.  < 

4  1  4 , 4 

0  Ob.  1 

/• 

•  ' 

.  1 

4  -t  r  .  “> 

0  .1  n  .  j 

«♦  i ! 

U  ,, 

zZ  .  •  ■ 

«  '4 

4  1.  .  .  i 

0  10.1 

u  ^ . 

*0  •  1 

r‘  1 

•  f 

0  *♦  b  .  j 

"> '  / 

f  <-> 

.  7 

.'*■)  b.1 

0  4  1.  f 

1  f 

14 

.  i 

f  • '  ■ !  . 

0  4  1.4 

«•*  * , 

.  ’  z*  ■ , 

•  ^ 

1 

.'Si',  b 

4  ** 

1  ■  ll 

•  ^  * 

0  S  b  .  h 

1 , 0 

-I  / » 

z  ‘ 

.  I 

/  '•  .  ‘  ' 

z'-.O.  b 

’  •  1 

0 '1 

■‘  ’  1 

.  i 

•’  l‘  ■  .  •< 

/  4  1  .  1 

u 


SAMPLES ' AVERAGED:  Carnation®  +  IITRI-Cls/ 

Carnation®  +  IITRI-Cls 


■  1  1  to  . 

|  /  /  n  4  1  A  to*" 

NO 5.  8/  9 

i  c  8  r 

K  (  /.  S  e  ” 

H.  ASK  4 

1  !  *  i 

to  ,  J  .( 

llto  i  1M-  SvJM 

~>uto  ) 

(  10  ) 

(  UL  ) 

"  .  i*  '' 

0  .  i) 

0.0 

1  .  0  0 

- 1 .? 

-11.4 

r.llll 

-8  .  to 

—  1  to  .  1 

f  .  :•  0 

-1*.  ? 

-3?.  8 

1  *  .  0  11 

-  4  8.4 

-toto  .  7 

to  '1  .  0  0 

-  4  1  .  i 

-SI.  7 

■  1  .00 

—  4  to  .  to 

-toto  .  to 

to'b  .  0  0 

-  4  4  .  » 

-58.7 

7  -< .  o  o 

-  7to  .  to 

-  a  0 . 8 

1  >.811 

-  /to  .  3 

-83.5 

•*0.50 

-45 . 0 

- 1  ?7 . 4 

•4  1 . 5  o 

-1)1.* 

-  1  14.0 

*7,51) 

—  1  0  ll  ,  to 

-l?b.  7 

4  .}  .  5  u 

-  1  0b.  1 

-  1  ?to.  0 

4  4  .  >)0 

-10  1.4 

-  1  ?8 . 7 

4  to  .  to  0 

-10b.? 

-  1  ?5 . 5 

■*  to  .  to  !/ 

-104.3 

-  1  bto  .  b 

to  0  .  to  U 

-107.4 

-1 38.9 

‘••4. 00 

-  1  1  to  .  to 

-184.8 

SAMPLES  AVERAGED:  Carnation®  +  IITRI  CCE 

Carnation®  +  IITRI  CCE 


►  -  >t  c:  .  ■ 

4  i  ""  )  LASH 

r'l 1  5  .  14/  IS 

!  -  to  1 

*•  i  •*  5"\  1  4 

I-LASik  15 

T  !  «»• 

,  ■  f  /.«  h  to  ij 

i  1  1  A K  e  8U5 

(  O i.  ) 

(  UL  ) 

0  .  Du 

0.0 

O  .  1) 

l  .  00 

4  7.9 

4  7.0 

?  .  0  ,) 

73,  3 

75.8 

7.00 

17  0.1 

17  0.? 

1  -> .  0  o 

85  7.8 

?to5 . 7 

to  O  .  0  1 1 

?to  1  .  ? 

?  5  9  .  ? 

?  1  .  oil 

bto8 .3 

787  .^ 

77,1111 

7  78.3 

?7  7.5 

'J  .  i;  o 

?  ?  to  .  8 

P?8 , 4 

3  1.50 

8  3  1.3 

731 . 0 

»  II  .  5  i | 

?  8  C_  .  to 

?8  1 . 4 

4  )  .  to  O 

?8?  .  4 

7b5  .  1 

4  ?  .50 

73),/ 

78  7 .4 

4  ).•)'/ 

to  to  n  ,  ? 

7  8  8.0 

4  4.  5  II 

73S,  3 

?  8  7 . 0 

4  L  .  5  1; 

btof-i  .  to 

?  8  o  .  0 

4*  f  '  .  '  ”1  '  1 

7  <  1.  J 

7  -3  8 . 8 

’ll.  »■ 

7)5,  / 

79  7  .  II 

•  '.'to. 

■  3.  .  o 

-301. 8 

AVr  wal>L 
I  jh T  Art  t  SUW 
(UL) 

0 . 0 

-8 .  J 
-10.4 
-?6.0 
-5  1  ,  o 
-48.8 
-51.1 
-53. P 
—  78  .  b 
-80  .  v 
-111.? 
-IP?.* 
-111.8 
-114.0 
-115.1 
-115.8 
-1  18. b 
-1??.«* 

-141  .  7 


AVL-'Ao: 

L)  h  T  »  K  £  50*" 

( iJL  > 

0  .  u 

4?.** 

7*. 8 
170.? 

P86 . 8 
?8 0  »  P 
?8b.  1 
b  7  b  .  * 

??b  .  to 

?3  1  .  1 
P8b.  1 

?  to  4 , 0 

P85  .  to 

?H7.i 

?8to  .  1 

?8  7.1 

?94  .  * 

?98.  i 

8*  7  .5 
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SAMPLES  AVERAGED:  IITRI-ClS/IITRI-ClS 


)  A  T  .  1  ft  N  l  4  , 

1  <4  1  ~i  K  L  AS  A 

'"'is.  1  o/i  1 

T(-  ST 

F  L  A SK  10 

T  1.48a  11 

A  V  )  •  n 

T  I 

l.l-  UKf  SIJM 

HPT  flKt-  SUM 

UP  T  •"  *■  r 

(  S  ) 

(uL  > 

i  UL  1 

(  >! 

0.00 

0 . 0 

(t .  0 

II  .  0 

1.00 

29.0 

26.4 

2  /  .  ) 

?.  0u 

44.2 

44 . 0 

46.8 

3.00 

SI  .0 

S  7 . 4 

84.8 

4.08 

74.4 

78.8 

7  6,8 

s.  08 

79.8 

8  8.6 

«  1 . 8 

6, 08 

97.7 

10  1.7 

49.  7 

7.08 

103.8 

10  7.8 

108.7 

H.  Ob 

1  1-3.2 

1  1  K.  7 

iw.il 

9.08 

IPS. 8 

12  7.4 

126.8 

1  0 . 2s 

136.4 

13  7.7 

13  7.1 

1  1  .PS 

14  7.1 

142.9 

148.1 

12.25 

1S6.0 

1  8l  .6 

16  3.6 

13.25 

1  SB  .  6 

1  S4 . 4 

1  86 . 6 

14. 

163.9 

18  7.6 

160.7 

IS. PS 

1  64  .  S 

16  3.S 

164.0 

18.28 

174.6 

17  1.6 

17  1.1 

1  7.28 

1  72. S 

16  7.6 

1  7  0.0 

1  M  .  2s 

1  76.2 

17  1.4 

17  3.8 

19. PS 

178.4 

1  7  S  .  2 

176.8 

po .  2s 

182.4 

179.6 

l  8  l  .  1 

21  .PS 

188.1 

19  1.8 

1  64 . 4 

22. 4p 

192.6 

148.1 

196.  1 

P  3  .  <*  P 

143.2 

148.6 

196.4 

24.42 

196.0 

20  1.3 

1  96.  7 

2S  .  42 

148.4 

198.7 

1  4  7  .  ll 

26.42 

197.0 

2  0  2.2 

194.6 

27.42 

194.6 

20  1.6 

146.1 

28.42 

187.7 

194. b 

191.2 

29.42 

198.8 

2  o  7  .  S 

203.  1 

30.42 

206.8 

213. S 

210.1 

31 .42 

202.2 

20  7.2 

204  .  7 

32.42 

20  3.6 

20  6.6 

2  0  6.1 

33.4^ 

2  0  1.7 

204. 7 

c  0  3.2 

34.42 

194.7 

204  ,S 

2  0  2  .  1 

3S.42 

2  06.0 

210.6 

P  (|  6  •  3 

38.42 

204. S 

212,  3 

6  1  0,4 
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SAMPLES  AVERAGED: 


IITRI-C1S/IITRI-C1S  (Continued) 


37.4? 

38.42 
39.4c: 
40.4c! 
41.4? 
4?.  4? 
43.4? 
44.4? 

45.42 
46  .SO 

47. 50 

4  8.50 

49. 50 

50. 50 
Sl.SU 

s?.so 

53. 50 

5  4  .  S  0 

ss.so 

56 .50 

57.50 

58.50 

59.50 
60  .  SO 
hi. SO 

6?. SO 
h  3  .  S  0 
64  .Si) 
6S.  So 

66. 50 

6  7  .SO 

68.50 
69.60 

70. 50 
71  .SO 


?  0  3  •  ? 
?0S .  7 
?  1  4 . 7 
?  1  8  •  4 
?  1  9  .  ? 
?  1  8  .  ? 
?  0  8  .  H 
?1  3.  1 
??4.3 
2  3  2 . 5 
22  3. 1 

231.2 

229.2 
236.4 
236.4 
228.1 

232.7 
?31.4 

239.8 
233.  1 

230.3 

233.8 

236.4 

236.3 

231.8 
232. s 

242.3 

243.3 
241  .? 

244.9 

242.6 

236.6 

249.4 
246.3 

255.5 


811.3 
2  13.9 

222.7 

226.3 

227.1 

227.9 
213.0 

222.9 
233. H 
24  0.1 

230.8 

242.3 

238. 5 

245.6 

245.6 

237. 3 

243.7 

240. 5 

250.5 

240.3 

241.1 

244.5 

245.2 

246.9 

242.4 
243.1 

254.6 

257.3 

251.6 

260.6 
254.6 

250.5 
2b3 . 2 

261.9 

270.9 


20  7. 2 
209.8 
?1n.  i 

222.3 
223.2 
223.0 
?1  0.9 
2  1  '<  .  1 

229. 1 
?3h  .  < 
22  '.  ) 
2  3h.  7 
2  38.6 
24  .1/ 
24  .  .  o 
2  32.7 
2  3h  ,  2 
?3s.  4 

246 . 1 

?Jh.  7 
2  35.7 
2  39,2 
?4.i.6 
24  1.6 

237.1 
2  3  7.8 
24 r  .5 
25C  .  3 
24  6,** 
252.6 
2  4  r.  .  6 
?4j  .6 
25*-  .  3 

254 . 1 

262 . 2 
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SAMPLES  AVERAGED:  IITRI/IITRI 


-JftM  14, 

19  f-i  fLAbiv 

NOS .  6/  9 

m  st 

6  (_  A  SrC  H 

(■  L  A  9 

AVr 

TTmK 

IJPTAKh  SUM 

U 2  T  A K  (-  Sum 

i  ltJ  T9-  p.  t 

r>w'>  ) 

(UL) 

t')L  ) 

Ml. 

o.oo 

0.0 

C 

• 

e 

0 . 0 

1,00 

b  .  1 

10.1 

7.6 

2,00 

1  b  .  6 

20.6 

16.  1 

3,0  0 

21.2 

24. 3 

22.6 

4 , 0  o 

31.2 

.34.  3 

32.6 

b  .  OH 

2  H  «  b 

3  3.2 

3o  .  6 

6  .  Ort 

3o  .  9 

4  1.9 

4  0  .  4 

7,0m 

42.3 

4  3  •  S 

4  2.9 

H  .  0  H 

42.3 

4b.  1 

4  3 .  / 

4  ,  Ort 

4b  ,  0 

46.1 

4S,'l 

10.2b 

49.4 

b  1)  .  4 

4  4  .  '4 

11.2b 

bD.Ci 

6  3.2 

b  1  .  '4 

12. 2b 

b  3  .  b 

b6 . 1 

b  4  .  O 

13,2b 

b2  .  A 

bb  .  b 

64 . 1 

14.2b 

Sb  .  3 

69 . 6 

b  7  .  b 

lb. 2b 

S2.0 

b7.9 

S  4  .  4 

lb.  2b 

6  1.4 

6b  .  b 

6  3  .  b 

1  7.2b 

b  H  .  9 

6  1.4 

6  0.2 

1  H  .  2b 

61.1 

bb.  3 

6.1.2 

19.2b 

6  U  .  b 

62.9 

61.7 

20.2b 

62.9 

6b. 2 

64. 1 

2  1  .  ?b 

6b  •  b 

6  7.H 

6  6./ 

22.42 

69. H 

7  o  .  3 

70.0 

2  3.42 

66.4 

OH  .  6 

6  7  .  b 

24 .42 

69 . 1 

69.6 

69.4 

2b. 42 

69.2 

6  '4 . 6 

64.4 

26.42 

66.9 

69.3 

69. 1 

27.42 

63.3 

6  3.6 

63.6 

2H  .  42 

S9.b 

60.2 

bo  .  9 

29.42 

6  3.4 

63. b 

6  3  .  h 

30,42 

70.  7 

69.3 

7  0 . 0 

31 .42 

64  .  b 

64 . 9 

6  4./ 

32.42 

6b.  1 

63.7 

*♦  #  *4 

33.42 

6  3.1 

6  0.0 

6  1  .  b 

34.42 

S9.2 

b6 . 1 

b  7  .  / 

3b. 42 

63.2 

61.7 

62.  b 

36.42 

66.4 

6  3.2 

64,0 

3  7.42 

SH  ,  b 

bb.  3 

b  6 . 9 

:8 


SAMPLES  AVERAGED:  IITRI/IITRI  (Continued) 


3*.  4  2 

SR.  0 

57.  S 

58.3 

39.42 

64.0 

o2 . 4 

63.2 

4  0.42 

6S  *  7 

64 . 1 

64  .  9 

41.42 

6  6.3 

63.1 

64.7 

4?. 42 

63.  S 

61.9 

6  2.7 

43.42 

58.4 

SS.6 

57.3 

44.4  2 

SH.  1 

54.8 

56 . 6 

4  5.42 

6S.3 

62.0 

63.7 

46. 50 

69.  S 

66.2 

6  7  .  9 

47. SO 

6ft. ft 

62.0 

65.4 

4H.S0 

71.1 

64.3 

6  7.7 

64.50 

70.6 

60.4 

66  .  -i 

S  0  *  5  0 

77.3 

66.3 

71.1 

SI  .SO 

80. 7 

bS.  3 

7  3.0 

S2.  SO 

79.2 

5H  •  ft 

69 . 0 

S3. SO 

H2. 0 

59.8 

70.9 

S4  .  SO 

80. 1 

S4.6 

69.1 

SS.So 

83.0 

66.2 

73.9 

S  6.30 

79. H 

60.9 

7  0.3 

S7.S0 

75.1 

5ft. ft 

66.6 

SH  .So 

74.8 

S  9 . 3 

67.1 

S4.SU 

77.1 

b  3 . 3 

70.2 

60. SO 

7S  .  ft 

61.2 

6  ft  .  1 

6  1  .  S  0 

64.0 

56.4 

6  3.0 

6?  .  SO 

72.8 

62.4 

67.6 

6  3  .  S  0 

78. S 

71.4 

74. 4 

64.50 

76.0 

7  0.6 

7  3.3 

6S.S0 

71.8 

68.1 

7  0.0 

66  .  S  0 

73.6 

69.9 

71.7 

67. SO 

73.9 

68.4 

71.2 

6M.SU 

67.2 

61 .8 

66  .  S 

64.50 

72.6 

78.4 

75.  t 

70. SO 

6  7.4 

65.2 

66.  J 

71. SO 

74.3 

73.9 

74.1 
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SAMPLES  AVERAGED:  IITRI-Cls  ( pH7 ) 'I ITRI-C Is  ( pH7 ) 


! )  A  T  fc  -  J  A  M  Hi 

1  4  7  4  t-  l. 

T  f-  b T 

f  t  A  r.K  1  4 

T|m- 

T  a*  l  sum 

<  HW  S  ) 

t  UL  ) 

0 .  )  0 

n.o 

l .  )  0 

7P.4 

P.10 

1  0  7.S 

3.  0  0 

1  3  /  .  v 

4  ,  1  ri 

161.3 

5  .  3  d 

1  HP  .  6 

6.  Id 

POO.  9 

7 .  Jd 

PPl .4 

d.  3d 

P  3d.  3 

9.  jd 

PSP.s 

1  0.  ?b 

P4S.  0 

1 1 .  ?b 

Ph  1  .? 

IP.  PS 

PPd.4 

1  3.  ?b 

PP7.d 

14.,?S 

PIP.d 

IS.  3b 

P  3  6 . 4 

16.Pb 

?4S.  1 

17. Pb 

P44 .4 

1  M  .  Pb 

P  S  0 . 4 

19.,7t> 

?SH.  1 

P0.P5 

PSy .  9 

?\ ..7b 

?69.b 

P  7  4 . 0 

P3.4<? 

P  7d  .  b 

P4.4<; 

P  7  4  .  .3 

PS. 4^ 

PHS.H 

ps.42 

P  9  1  .  1 

P7.42 

P90.S 

P  8  *  '*  P 

P98. 1 

PS>.4<? 

P 98 . 4 

30. 4p 

304.5 

31  .'»P 

30b.  4 

3?.'^ 

3  l  b  .  8 

3  3 . 4  p 

317.5 

34. 4£ 

319. P 

I'  D  S  .  1  4  /  1  S 

M..A  )K  lb 

A  V  t  >  /. 

U>  U«i-  SUW 

IliU/lM- 

(  ut.  ) 

( .  II. 

0 . 0 

C  .  9 

ss.  j 

d  5  .  M 

9.3.? 

10  0.4 

1  1  7.4 

1  P  7... 

140.5 

I'm.  4 

1  b  9 . 5 

1  7  1  .  ! 

177.1 

1  99.  3 

8  1  (i  .  } 

P  1  3 . 9 

PPd.  1 

?P7.m 

p  4  n  .  ^ 

PPO.  3 

P  3  P  .  i 

P16.5 

PPd  .  - 1 

POb.S 

P  16  .  -* 

PO  1  ,P 

P  1  4 . 4 

POP  •  d 

P  0  7  .  r 

>11.9 

P  p  4  .4 

PPl  .  7 

P  3  3 . 4 

P  1  7  .  8 

P  3  1  .3 

PPl  .6 

P  3^  .  0 

PP4.H 

P4.3  .  s 

PP  7.8 

P  4  .3 . 4 

p  3M.  1 

P  4  3  .  M 

P46.1 

pd()  .  1 

P  4  d  .  d 

Pd  1  ,  S 

P4  7.6 

P6  J.4 

PbP.O 

P6d  .  9 

P60. 7 

P7d.  4 

P  b  6 . 6 

P  7  i .  s 

Pd  3  •  8 

Pd  1.0 

P64.? 

PH  1  .  3 

P70.P 

p  8  7  .  .3 

P7P.  7 

P  d  4 . 1 

P8  1 . 0 

P  4  H  .  4 

PHP.  7 

3  0  0.1 

PdP.4 

3  0  0.4 

AO 


I 


AMPI.ES  AVKHAGED:  IITRI-Cls  ( pH?  )  ITRI-C  Is  (  pH7  )  (Continued) 


JS.4? 

3  ?  S  .  4 

290.2 

36.42 

3  3  ?  •  S 

245.5 

3  7.4? 

333. S 

2  44 . 5 

3H  .  4c- 

3  3  7  .  4 

3  0  0.6 

34. 4? 

34S.  1 

304.4 

411.43 

34H.  7 

311.? 

4  1.4? 

344.5 

312.0 

4?. 4,3 

3S0.3 

312.7 

4  3.4? 

349  .4 

30  8.5 

44.4? 

361 . 7 

321.9 

45.4? 

3S  7  .  3 

3  ?  7  .  S 

47>  .HO 

37  3.7 

3  35. S 

4  7. SO 

364.  3 

326.2 

48. SO 

372.3 

334.0 

44. Su 

37S.8 

3  3  3.8 

S  0  .  S  0 

384.9 

334.1 

SI  .So 

342.1 

346.2 

S  ?  .  S  0 

341.0 

34H.S 

S3. SO 

343. H 

35  1 . 4 

S4.S0 

3s  7.  <7 

355.2 

ss .  So 

404. S 

35H.? 

SH.SO 

40  3.3 

3s0 . 4 

S7.S0 

405.  9 

361 . 1 

SH.SO 

4  l  4 . 8 

364.4 

59.50 

415.6 

372.4 

SO  •  SO 

4?0  .V 

37s. 8 

Si  .  S  0 

418.2 

3  7  3  .1 

S  ?  .  H  0 

4  1  5  .  3 

3  7  0.2 

S3  .  so 

4  3  0  .  S 

385.  1 

S4.HO 

435.2 

387.4 

ss.So 

42  7.7 

382.1 

ss.So 

442.2 

342.4 

S  7  .  S  0 

4  36.3 

38s .  S 

SH.SO 

43s.  7 

3HH.2 

S'4  .SO 

444 , 4 

349.0 

70. SO 

<*44.  1 

399.4 

7  1  .  S  0 

458.  ? 

40H.4 

3  «  t  ,'i 
i  1  4  .  I 
fh.j 

3?  7  •  ? 
S?*  .  * 
3  3  0  .  o 
A  1 1  .  s 
324.2 
34  ]  .  h 

3  4  7.* 

4  6  4  .  6 
345  .  r 
3  5  3  .  <r 
354.8 
36?.  0 
36)»  .  ? 
36>*  .  6 
3  7? .  s 

3  7  6  .  s 
18  J  .  j 
38  1  .  n 
3*3  3  .  S 
34<r  .  3 
34  4,, 
34*.  \ 
39s .  s 
34?.  7 

4  r>  7  .  t 

4  ]  1 . 1 
4  t)4  .  -t 

<•17,1 

*♦12. 

411. 

4  21.*. 

4  to  ,  /• 

433.  3 
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*  T 


"AMPLKS  A  VRRA'jKD  : 


IITRI  CCR/IITRI  CHI' 


<\h  I 


i 


-JAN  1  s  » 

1  Wo  ^L0S^ 

N 1 1  ~i  .  1  8  /  1  I 

T  •  ST 

f-  L  Ask  1  <J 

f-  L  6  S«  13 

A  7  t  o  4 

T  T  Mt- 

IJUfAM  SUM 

(Jl-’TAKt-  SUM 

1  IU  f  1\  K  r 

--S  ) 

nil.  i 

(  )L  ) 

I  ll  ) 

!  .  OD 

U  .  0 

II  .  0 

'<  .  0 

l  .00 

2  l.H 

1  4.7 

^  1  .  7 

■J. Oil 

3  7.  4 

34.  7 

1 

1.0  0 

4  4.4 

4  3.1, 

4  3.7 

+  .O'* 

S7.8 

s  3  .  7 

SS.-. 

->  .  0  8 

8  0.8 

41*4 

*•  "1 .  7 

1.0m 

71.7 

14, 4 

in.  i 

Min 

74.  t 

7  1.7 

7  1 . 0 

i.On 

n  fl  ,  4 

7  /.  S 

7  3..  1 

4.  (M 

mS.  7 

nd.H 

M  3  .  3 

1  .81 

74. S 

7  1  .S 

7  3.0 

1  1  .8S 

70 .8 

8  7. 7 

m  o  ,  8 

1  3.8i 

SN.  7 

14.4 

M  7  .  J 

1  i.2b 

4  4,1 

4  h  .  4 

4  0.3 

1-.8S 

41,4 

44.8 

4  8.  3 

1  s.8S 

S  2  •  1 

-7.1 

4  8  .  s 

1 1  •  8S 

44.4 

si  .7 

S  3.  3 

1  r  .2*5 

4  7.4 

4  4.1 

*i.7 

1  ^  •  8  S 

47. S 

48.1 

4  8,1 

44,4 

4h  .  4 

1 

?o.<?n 

S2.8 

•♦3.8 

41.1 

?  ,i>b 

S  4  «  2- 

48.8 

S  0  .  *-» 

S  7  .  II 

47.7 

1 

83.48 

SS.N 

47.3 

*4  H  .  -4 

8“.4  8 

ss.  o 

4  8.8 

4  W  .  *4 

8S.48 

44,  1 

4  1.8 

4  S  .  1 

8n  •  48 

S  0  .  ri 

4  1  .  1 

4s.  ' 

8  \48 

SO.  2 

48.1 

*♦  *■>  «  ^ 

8><.48 

4S.  ? 

38  .  o 

**  r'  •  0 

8o.  48 

S8. 7 

4  1.0 

4*  .  t 

i  '.hr* 

S3 . 0 

4  S  .  8 

<*  •  1 

3  .48 

4H.4 

3  7.1 

<♦  n1) 

3  8.48 

48  .  S 

4  1  .7 

<*£' .  ^ 

3  1.48 

4  8.7 

4  0 . 0 

<♦  im  1 

3'- .  48 

4  H  .  4 

33.  M. 

4  ^  •  I 

3‘-.48 

4N.  8 

3  M  ,  7 

A*  4*  #  ‘  1 

38.48 

SI  .  0 

4  0  .  S 

<4  S  %  / 

3  .48 

SO.  1 

3  V  .  3 

44,71 

.1  8  •  4  8 

S  1  .  II 

4(i  .  8 

4  *->  .  »i 

V‘.  Ur* 

M  8  .  4 

4|  .4 

4  ^  ^ 
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r,  f*  |  •  ■  :  A  V1  I  i  A 1 1 I  I 1 : 


I  |  Tli  I  1  I  'IT;  I  (Continued) 


4  it  ,  <♦  e 

s*  .  ? 

*♦  1  .  4c 

S  7  .  J 

4  ?  .  4C 

Sh.  3 

4  3.4c 

43.3 

4  4.4c1 

S3. 3 

4  6.  4/ 

h  U  .  H 

4  6  ,  S  0 

b  7  .  ? 

4  7.  bo 

S4  .  2 

4H.SU 

6?  •  3 

4M.SU 

bO  .  4 

s  n .  s  o 

hS.M 

si  .so 

67. 7 

b?.SO 

SM.  3 

S3.S0 

h£.? 

S4.su 

S  7  .  3 

ss.su 

hM  .  4 

S6  .SO 

SM.  1 

S7.SU 

61  .H 

SH.sO 

6  7.? 

Ss  ,S0 

6H.0 

hO.SU 

71. h 

hi  .SO 

6H  .M 

he1.  SO 

6?  .  4 

h  3  .  S  0 

74.? 

h4  .  SO 

7h  .  H 

hS  .  S  0 

6  7.6 

6b. SO 

HO.S 

h  7  .  SO 

71.0 

hH.SO 

66.7 

hM  .  SO 

7  S  •  M 

70. SO 

74. ri 

71  .SO 

H?.? 

4  3.7 

S  1  . 

4  )  .  0 

4  M  ,  ; 

3M.  M 

4H  .  i 

3  0.  h 

36.  -» 

40.3 

46.  3 

4  S  .  M 

S  J  .  J 

SU  .  4 

66 . 4 

17.  -> 

4-1.4 

47.^ 

64.  1 

4  3.4 

S  1  .  4 

43.7 

67.  3 

S2 .  3 

6ii  . 

4  S  .  7 

6^  . 

4  S  .  0 

s  3  .  - 

*♦3.6 

S"  , 

Sl.M 

*,  i 

4  S  .  ? 

S?  .  c 

4h  .  0 

6  3.4 

S  3 . 0 

6  '/  .  1 

S3.  7 

6  0.3 

S  7  .  1 

64.- 

S  4  .  S 

6  1.7 

s  1  .  S 

S  /  .  u 

6  3.0 

h  •  n 

hS .  n 

f  r  .  1 

S4. 7 

61  .? 

b  7  .  3 

7  -.4 

S  7 . 7 

•  J 

S  7  .  ? 

h  1 . 4 

b?.  7 

64.  3 

63.  ? 

64,0 

b  h  .  6 

76.  - 
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APPWJDIX  R 

HICKLINO  FILTER  ORGANISM 
DUPLICATE  FLASK  DATA 


AVERAGE  CORRECTED  WARBURG  DATA 


SAMPLES  AVERAGED-  NA  AC 

NA  AC 

1) A TE- J AM  2.  1979  FLASK 


TF  ST 

FLASK  6 

TIME 

UPTAKE  SUM 

(HRS) 

SUL) 

0.00 

0.0 

1 .00 

-3.6 

2.00 

3.6 

3.00 

13.6 

4.00 

12.6 

s.oo 

18.9 

6.00 

19.2 

7.00 

27.7 

8.00 

36.5 

9.00 

49.3 

10.00 

<7.9 

11.00 

82.4 

12.00 

91.0 

13.00 

92.6 

14.00 

96.7 

15.00 

98.8 

16.00 

98.4 

17.00 

100.1 

IB. 00 

102.5 

19.00 

98.8 

20.00 

105.9 

21.00 

108.9 

22.25 

119.8 

23.50 

123.7 

24.50 

127.2 

25.50 

127.0 

26.5o 

132.3 

27.50 

131.3 

28. 50 

131.3 

29.50 

131.1 

30.50 

132.4 

31.50 

138.0 

32.75 

139.6 

33.75 

145.0 

34.75 

144.4 

35.75 

145.1 

36.75 

147.0 

37.75 

145.7 

38.75 

149.2 

39.75 

150.6 

40.75 

151.1 

41.75 

148.4 

42.75 

142.4 

43. 75 

151.0 

44.75 

150.4 

45.75 

154.2 

46.75 

155.7 

47.75 

152.5 

48.75 

154.3 

49.  75 

156.5 

50.76 

157.4 

51.75 

157.7 

5  3.00 

156.0 

54.00 

lb0.4 

55.  00 

155.4 

56.00 

157.7 

57.00 

159.  1 

58.00 

152.9 

59.00 

155.4 

60.00 

158.8 

MOS.  6/  7 

FLASK  7 

AVERAGE 

UPTAKE  SUM 

uptake  sum 

(UL) 

(UL) 

0.0 

0.0 

1  .5 

-1.1 

10.7 

7.1 

17.9 

15.8 

19.1 

15.8 

22.4 

20.6 

24.6 

21.9 

33.7 

30.  7 

41.2 

36.9 

56.4 

52.6 

54.9 

51.4 

91.4 

86.9 

110.6 

100.8 

102.6 

97.6 

105.1 

100.9 

1  09.2 

104.0 

108.6 

103.5 

109.0 

104.5 

113.2 

107.9 

109.5 

104.1 

117.0 

111.4 

118.6 

113.8 

121.4 

120.6 

122.1 

122.9 

126.4 

126.6 

126.3 

126.6 

133.3 

132.8 

142.4 

136.9 

134.0 

132.7 

133.9 

132.5 

135.4 

133.9 

139.2 

138.6 

142.7 

141.2 

146.7 

145.9 

146.3 

145.4 

148.8 

146.9 

148.6 

147.6 

147.9 

146. b 

151.4 

150.3 

153.0 

151.6 

153.3 

152.2 

147.2 

147.8 

143.0 

142.7 

151.6 

151.3 

151.2 

150.6 

156.9 

155.6 

156.8 

156.3 

151.8 

152.2 

155.3 

154.8 

157.8 

157.1 

157.3 

157.4 

157.5 

157.6 

156.2 

156.1 

162.3 

161.3 

155.5 

155.4 

158.0 

157.9 

159.5 

159.:, 

151.3 

152.  1 

150.4 

152. 9 

153.9 

156.3 

4  5 


'<“***, 


AVF6A fit  C064[  CTFLi  *AWHUR6  DATA 

SAMPLt-S  AVFRAGED-  HIRI-ClS 

I  1 TW1-CLS 

GATF-JAN  2,  ]979  r  L  A  SK  NOS.  H/  9 


T  F  S  T 

F  L  A  5  n  -t 

FL49".  9 

A  VP  w  A(it 

T  I  ‘••E 

U  9  T  A  »\  (■  S  l  j  M 

U8TAM  SUM 

UPTAtvt  l- 

(  HH  5  ) 

(UL  ) 

(Ul  > 

(HI  ) 

0.00 

0 . 0 

0 . 0 

0 . 0 

1.00 

1  .  3 

2.H 

2. 1 

2,  00 

6 . 4 

8.4 

7 . 6 

3.  00 

10.6 

12.0 

11.3 

4,  00 

H.  1 

7.8 

7.9 

5,  00 

8.0 

7.7 

7.9 

6,00 

3.5 

3.2 

3.4 

7,  00 

4 . 0 

3.7 

3.6 

8.00 

4.9 

4.5 

4.7 

9.00 

4 . 9 

4.5 

4.7 

10.00 

-7.9 

-8.1 

-6.0 

11,00 

2 . 6 

2.4 

2.6 

12,00 

1.8 

-.2 

.8 

13.  00 

-2.9 

-5.0 

-3.4 

14,00 

1  ,  2 

-.9 

.  1 

IS.  00 

-1.5 

-1.9 

-1.7 

16.00 

-5.2 

-4.0 

-4.6 

17.00 

-5.0 

-5.5 

-5.3 

18.00 

-2.6 

-4.7 

-3.6 

19.00 

-3.1 

—  «  4 

-1.7 

20.00 

-2.4 

-2.9 

-2.7 

21.00 

-.8 

-1.5 

-1.2 

22.25 

.3 

1.4 

.9 

23.50 

-.5 

3.7 

1.6 

24.50 

4.8 

5.6 

5.2 

25.50 

4.6 

5.4 

5.0 

26.50 

14.8 

18.7 

16.8 

27.50 

17.0 

20.9 

19.0 

28.50 

17.0 

22.5 

19.8 

29,50 

20.1 

23.9 

22.0 

30,50 

24.6 

26.4 

26.5 

31.50 

33.6 

35.6 

34.5 

32.  75 

36.8 

38.8 

37.6 

33.75 

4  7.1 

47.4 

47.3 

34.75 

46.5 

45.2 

45.9 

35.75 

5  0.5 

44 . 3 

47.4 

36.75 

52.3 

47.8 

50.1 

37.75 

52.8 

49.7 

SI  .2 

38.75 

57.9 

54.8 

56.3 

39.75 

6  0.9 

57.8 

59.4 

40.75 

61.4 

56.7 

59.1 

41.75 

55.5 

52.4 

54.0 

42.75 

52.7 

49.6 

51.2 

43.75 

59.7 

58.2 

59.0 

44.75 

57.6 

54.4 

56.0 

45.75 

6  3.0 

59.8 

61.4 

46.75 

64.6 

59.7 

62.1 

47.75 

59.7 

11.7 

35.7 

48.75 

6  3.1 

6  3.1 

63. 1 

49.  75 

67,0 

66.9 

67.0 

50.75 

64.7 

64 .  b 

64.7 

51.75 

65.0 

66.5 

65.7 

5  3.00 

6  3.4 

6  4.8 

64.1 

5  4.00 

69.4 

77.2 

73.3 

55.00 

62.8 

72.2 

67,5 

c  6.  JO 

66.8 

80.9 

73.9 

5  7.00 

68.2 

85.5 

76.8 

58.30 

61.9 

88.9 

75.4 

59,00 

67,6 

89.8 

76.7 

6  0.  )  0 

7  1.0 

93.2 

82.1 

*  6 


4 VER AGE  CORRECTED  *ARBURG  DATA 

SAMPLES  AVF.BAGEO-  NA  AC  ♦  I  I  7  W  1 

N A  AC» I  I TR I 

DATF-JAN  2.  1979  FLASK  NOS. 10/11 


TEST 

flask  10 

FLASK  11 

AVERAG 

TIME 

UPTAKE  SUM 

UPTAKE  SUM 

uptake 

(HR  S) 

(UL) 

(UL) 

(UL) 

0.00 

0.0 

0.0 

0.0 

1  .  00 

5.0 

-.2 

2.4 

2.00 

9.3 

.7 

5.0 

3.00 

13.3 

3.0 

8.2 

4.00 

9.6 

-.8 

4.4 

S.00 

11.2 

-.9 

5.2 

6.00 

8.5 

-7.1 

.7 

7.00 

7.5 

-2.9 

2.3 

H.00 

8.4 

-3.8 

2.3 

9.00 

8.5 

-5.4 

1.5 

10.00 

-1.7 

-15.5 

-8.6 

11.00 

6.6 

-7.3 

-.4 

12.00 

5.6 

-10.1 

-2.3 

13.00 

2.7 

-12.9 

-5.1 

14.00 

5.3 

-10.4 

-2.5 

IS. 00 

4.4 

-11.3 

-3.5 

IS.  00 

2.  1 

-11.8 

-4.9 

17.00 

-.9 

-16.6 

-8.7 

18.00 

3.5 

-10.5 

-3.5 

19.00 

8.3 

-4.0 

2.2 

20.00 

4.0 

-10.0 

-3.0 

21.00 

7.4 

-6.6 

.4 

22.25 

8.4 

-3.9 

2.3 

23.50 

16.1 

5.4 

10.8 

24.50 

17.3 

3.1 

10.2 

25.50 

18.9 

6.5 

12.7 

26.50 

43.2 

35.8 

39.5 

27.50 

57.7 

51.9 

54.8 

28.50 

76.7 

72.5 

74.6 

29.50 

102.4 

96.3 

99.4 

30.50 

145.3 

137.2 

141.2 

31.50 

162.8 

166.7 

164.7 

32.75 

169.8 

175.3 

172.5 

33.75 

179.  1 

184.5 

181.8 

34.75 

177.1 

179.1 

170.1 

35.75 

177.9 

183.3 

100.6 

36.75 

182.6 

188.0 

185.3 

37.75 

187.4 

192.7 

1  90.0 

38.75 

192.6 

201.3 

197.0 

39.75 

197.7 

206.5 

202.1 

40.75 

201.4 

211.8 

206.6 

41.75 

198.7 

209.1 

203.9 

42.75 

196.2 

206.6 

201.4 

43.75 

204.8 

218.7 

211.8 

44.75 

201.0 

214.9 

208.0 

45.75 

207.0 

222.5 

214.7 

46.75 

212.  1 

232.7 

222.4 

47.75 

212.2 

237.9 

225.0 

48.75 

217.4 

256.8 

237.1 

49.75 

223.4 

261.0 

242.2 

50.75 

219.6 

267.5 

243.6 

51.75 

223.2 

271.1 

247.1 

53.00 

220.4 

269.9 

245.2 

54 .00 

233.3 

282.8 

258.1 

55.00 

226.5 

274.3 

250.4 

56.00 

235.9 

283.7 

259.8 

57.00 

235.8 

281.8 

258.8 

58.00 

237.7 

288.8 

263.2 

59.00 

236.8 

286.2 

261.5 

60.00 

235.  1 

288.0 

261.6 
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AVERAGE  CortPtCTFD  *f  ARBUPG  DATA 


SAMPLES  AVFPAGED-  NA  AC*IITPI-CLS 

NA  AO  I  [  TPI-CLS 

rJATE-JA\  2,  1979  FLASk  NOS. 12/13 


TEST 

f-LAS*  12 

FLASK  13 

AVERAGF 

T  T  VE 

UPTAKE  sum 

UPTAKE  SUM 

UPTAKF.  s 

(HRS  1 

(UL  ) 

(UL  ) 

(UL  ) 

0.00 

0.0 

0 . 0 

0.0 

1 .00 

1.7 

-.2 

.8 

?.  00 

2.5 

-2.7 

-.  1 

3.0  0 

6.6 

1.3 

3.9 

4.00 

2.9 

-9.4 

-3.2 

5. 00 

4  .  b 

-.9 

1 .8 

6.9  0 

-1.6 

-3.7 

-2.7 

7.00 

-.8 

-4.6 

-2.7 

8.00 

.  1 

-5.5 

-2.7 

9.00 

-1.6 

-7.1 

-4.3 

10.00 

-10.1 

-8.7 

-9.4 

11.00 

-3.6 

-7.3 

-5 . 4 

1?.  00 

-2.7 

-4.9 

-3.8 

13.00 

-7.2 

-9.5 

-8.4 

14.00 

-4,6 

-12.1 

-8.4 

1  5  .  0  0 

-3.8 

-11.3 

-7.5 

1  8.00 

.  8 

-5.0 

-2.1 

17.00 

-5.6 

-11.4 

-8.5 

18.00 

7.5 

-3.7 

1.9 

19.00 

16.0 

2.9 

9.4 

20, 00 

13.3 

-3.2 

5.1 

21.00 

25.5 

2.0 

13.7 

22.2b 

36.9 

6.4 

21.6 

2^.50 

69.0 

20.8 

44.9 

24.50 

93.0 

23.7 

58.3 

25,  50 

108.6 

30.4 

69.5 

26.50 

129.6 

59.7 

94.6 

27. 50 

13  0.4 

67.3 

98.9 

28.  50 

13  3.9 

1  15.2 

124.6 

29,50 

139.1 

120.3 

129.7 

30, 50 

140.7 

113.3 

127.0 

31 , 50 

149.7 

134.2 

141.9 

32.75 

153.2 

139.4 

146.3 

3  3.75 

160.9 

141.8 

151.4 

34,75 

152.0 

1  39.8 

145.9 

35.  75 

159.8 

145.7 

152.7 

36,  75 

162.7 

150.4 

156.5 

37.  75 

16  0.7 

14  6.6 

153.6 

38,.  75 

167.7 

155.2 

161.4 

39  .,  75 

173.0 

i  66 . 9 

164.9 

4  0,75 

178.3 

(58.8 

168.6 

41,75 

173.9 

157.8 

165.8 

4?..  75 

169.7 

161.9 

160. H 

4  3,75 

180.1 

160.5 

170.3 

44,75 

176.3 

158.4 

167.4 

45, 75 

185.8 

164.4 

1  75.1 

46 . 75 

1  92. 7 

167.7 

180.2 

4  7,75 

196.3 

1  69.5 

182.9 

48.75 

205.1 

1  73.0 

189.0 

49.75 

214.7 

173.8 

194.3 

50 . 75 

219.6 

176.9 

198.2 

51.75 

226.7 

17  3.6 

200.1 

6  3.00 

2?  5.7 

172.5 

199.  1 

54 ,00 

235.2 

185.4 

210.3 

c-  5 . 0  0 

226  .  fa 

181.9 

204 . 3 

66 , 00 

236.2 

194.8 

215.5 

67,00 

2  14.3 

198.0 

216.2 

68.00 

229.2 

2  05.0 

217.1 

69.,  0  0 

235.3 

207. 6 

221 .4 

H  0  „  0  U 

238.6 

212.8 

225.6 

AVERAGE  CORRECTED  WARBURG  DATA 

SAMPLES  AVERAGED-  IITRlCCt 

1 ITRICCE 

OATE-JAN  2.  1979  FLASK  NOS. 14/15 


TEST 

flask  14 

FLASK  15 

TIME 

UPTAKE  SUM 

UPTAKE  SUM 

(HRS) 

(UL) 

(UL) 

0.00 

0.0 

0.0 

1.00 

1.6 

-.2 

2.00 

-2.7 

-4.4 

3.00 

1.3 

-.5 

4.00 

-.7 

-4.4 

5.00 

-.8 

-2.8 

6.00 

-1.9 

-3.9 

7.00 

-2.8 

-8.2 

8.00 

-.2 

-7.4 

9.00 

-5.3 

-14.1 

10.00 

-3.4 

-12.2 

11.00 

-.  3 

-14.4 

12.00 

2.1 

-12.0 

13.00 

-2.4 

-16.6 

14.00 

-5.0 

-19.1 

15.00 

-4.2 

-20.1 

16.00 

-4.8 

-24.0 

17.00 

-7.8 

-27.0 

18.00 

-1.7 

-22.7 

19.00 

6.6 

-16.3 

20.00 

-1.2 

-22.3 

21.00 

2.3 

-22.3 

22.25 

5.0 

-19.6 

23.50 

17.8 

-10.4 

24.50 

15.5 

-12.8 

25.50 

12.0 

-  1 B  .  0 

26.50 

22.5 

-7.5 

27.50 

26.8 

-5.1 

28.50 

31.9 

-.0 

29.50 

37.0 

4.9 

30.50 

36.9 

4.8 

31.50 

51.0 

15.3 

32.75 

52.8 

15.4 

33.75 

58.7 

21.2 

34.75 

56.7 

20.8 

35.75 

62.6 

28.3 

36.75 

69.0 

34.8 

37.75 

63.5 

29.2 

38.75 

72.2 

39.4 

39.75 

72.2 

41 . 1 

40.75 

77.5 

46.4 

41.75 

76.5 

47.1 

42.75 

68.9 

39.5 

43.75 

77.5 

51.5 

44.75 

80.6 

52.7 

45.75 

86.6 

60.2 

46.  75 

96.8 

72.0 

47.75 

98.6 

75.4 

48.75 

1  05.6 

80.6 

49.75 

109.9 

83. 1 

50.75 

119.9 

86.0 

51.75 

123.5 

79.4 

53.00 

120.6 

74.8 

54.00 

130.1 

84.3 

55.00 

121.6 

74.1 

56.00 

127. b 

80.0 

57.00 

125.7 

78. 1 

58.00 

122.4 

74.9 

59.00 

125.0 

77.5 

60.00 

126.8 

79.2 

AVERAGE 
UPTAKE  SUM 
<  UL  ) 


0.0 

.7 

-3.6 

.4 

-2.6 

-1.8 

-2.9 

-5.5 

-3.8 

-9.7 

-7.8 

-7.3 

-4.9 

-9.5 

-12.1 

-12.2 

-14.4 

-17.4 

-12.2 

-4.8 

-11.8 

-10.0 

-7.3 

3.7 

1.4 
-3.0 

7.5 
10.8 
16.0 
21.0 
20.8 

33.2 

34.1 
39.9 

38.8 

45.5 

51.9 

46.3 

55.8 

56.6 
62.0 

61.8 
54.  2 

64.5 

66.7 

73.4 

84.4 
87.0 

93.1 

96.5 
103.0 

101.5 

97.7 

107.2 

97.8 

103.8 

101.9 
98.7 

101.2 

103.0 
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AVERAGE  CORRECTED  WARBURG  DATA 
SAMPLFS  AVERAGED-  I  I  TR  I CCt ♦ N4  AC 


OATE-JAN  2,  1979  FLASK 


TFST 

flask  ig 

TIME 

uptake  sum 

(HRS) 

<UL> 

0.00 

0.0 

1.00 

-.0 

2.00 

—  •  9 

.1.0  0 

5.0 

4.00 

3.  1 

S.00 

4.8 

6.00 

3.9 

7.00 

3.0 

8.00 

3.9 

9.00 

-1.3 

10.00 

-1.2 

11.00 

.4 

12.00 

4.6 

13.00 

.2 

14.00 

-2.5 

15.00 

.  1 

16.00 

-.5 

17.00 

-1.7 

18.00 

1  .  1 

19.00 

9.7 

20.00 

10.5 

21.00 

13.8 

22.25 

27.3 

23.50 

50.9 

24.50 

70 . 1 

25.50 

96.4 

26.50 

133.5 

27.5  0 

14J.1 

28.50 

148.4 

29.50 

151.9 

30.50 

150.1 

31.50 

162.6 

32.7  5 

164,4 

3  3.73 

170.5 

34.73 

168.6 

33.7  5 

176.4 

36.73 

181.0 

3  7 . 7  d 

179.2 

38.  7  5 

187.9 

39.75 

188.0 

40.73 

195.1 

41.75 

194,2 

42.75 

184.8 

4  3.75 

195.2 

44.7  5 

193.2 

45.  73 

202.8 

•♦6.7  5 

211,6 

4  7.  r? 

213.4 

4  rt  .  7  5 

2  17.0 

49.73 

22  1 .3 

5  0.7, 

228.3 

31.7, 

228.4 

5  1.0) 

2  32.  H 

54.0  0 

24  7.6 

35 . 0  ) 

2  4  0  ,  7 

36.0) 

248,6 

57.0) 

24  3.0 

36.0  ) 

241.6 

39.0  ) 

247.7 

60.0, 

249.5 

NOS. 16/** 

flask*** 

AVERAGE 

uptake  SUM 

UPTAKE  sum 

<UL) 

(UL) 

0.0 

0.0 

0.0 

-.0 

0.0 

-.9 

0.0 

5.0 

0.0 

3.1 

0.0 

4.8 

0.0 

3.9 

0.0 

3.0 

0.0 

3.9 

0.0 

-1.3 

0.0 

-1 .2 

0 . 0 

.  4 

0.0 

4.6 

0.0 

.2 

0.0 

-2.5 

0.0 

.1 

0.0 

-.3 

0.0 

-1.7 

0.0 

1.1 

0.0 

9.7 

0.0 

10.3 

0.0 

13.8 

0.0 

27.3 

0.0 

50.9 

0.0 

70.1 

0.0 

96.4 

0.0 

133.5 

0.0 

143.1 

0.0 

148.4 

0.0 

151.9 

0.0 

130.1 

0.0 

162.6 

0.0 

164,4 

0.0 

170.5 

0.0 

168.6 

0.0 

176.4 

0.0 

181.0 

0.0 

179.2 

0.0 

187.9 

0.0 

188.0 

0.0 

195.1 

0.0 

194.2 

0.0 

184.8 

0.0 

195.2 

0.0 

193.2 

0.0 

202.8 

0.0 

211.6 

0.0 

213.4 

0 . 0 

217.0 

0.0 

221 .3 

0.0 

228.3 

0.0 

228.  «♦ 

0 . 0 

232.8 

0.0 

247.6 

0 . 0 

240.7 

0 . 0 

248.6 

0.0 

245.0 

0.0 

24]  .6 

0.0 

247.7 

0.0 

249.5 
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AVtHAGE  CORRECTED  WARHURG  DATA 


samples  averaged-  iitri 

IITRI 


DATE-JAN  2.  1979 


FLASK  imOS.  4/  b 


TEST 

TIME 

(HRS) 

0.00 
1.00 
2.00 
3.00 
4.00 
S.00 
6.00 
7.00 
8. 00 
9.00 
10.00 
11.00 
12.00 
13.00 
14.00 
IS. 00 
is. 00 
17.00 
18.00 
19.00 
20.00 
21.00 
22.2b 

23. 50 

24.50 

25.50 

26.50 

27.50 

28.50 

29.50 

30.50 

31.50 

32.75 

33.75 

34.75 

35.75 

36.75 

37.75 
38.7b 

39.75 
40.7b 

41.75 

42.75 

43.75 

44.75 

45.75 

46.75 

47.75 

48.75 

49.75 

50.75 

51.75 
53.00 
54.00 
55.00 
56.00 
57.00 
58. 00 
59.00 
60.00 


flask  4 
uptake  sum 
(UL) 

0.0 

-5.3 

-4.4 

4.8 

1.1 

4.5 
-.0 
-.9 

1.7 
-3.4 
-15.4 
-3.6 
-2.9 
-5.7 
-4.8 
-5.8 
-13.2 
-7.6 
-11.8 
-12.  1 
-6.1 
-6.1 
7.0 
13.0 

17.7 

24.6 

31.6 

39.4 

42.8 
48.0 

54.8 

67.2 

72.5 
87.0 

83.3 

87.6 

90.5 

93.7 

97.2 

98.9 

99.1 

99.8 
94.0 

100.9 

109.2 

111.7 
115.  1 

115.2 

120.4 

119.6 

129.7 

131.5 

137.4 

146.9 

148.7 

156.5 
165.0 

161.7 

164.3 
166.0 


FLASK  5 
UPTAKE  SUM 
(UL) 

0.0 

-5.3 

-2.7 

6.7 

-.5 

1.2 

-1.5 

-.6 

.2 

-1.4 

-20.6 

-3.3 

-4.3 

-7.1 

-6.2 

-8.8 

-11.2 

-10.7 

-15.0 

-15.2 

-7.3 

-7.3 

-4.6 

1.4 

6.3 

13.3 

20.4 

26.5 
30.0 

33.5 

38.7 
4  7.6 

51.2 

57.2 

60.5 

64.8 

65.9 

67.5 
71.0 

76.3 

72.9 

73.7 

69.6 

78.2 

81.4 

85.8 

89.2 

87.6 

91.1 

92.1 
97.0 

100.7 

106.7 

114.5 

114.6 

120.7 

127.6 
124.2 

126.8 
125.  1 


A  VERA  3E 
UPTAKE  SUM 
(UL) 

0.0 

-5.3 

-3.6 

5.7 
.3 

2.8 
-.8 
-.8 

•  9 
-2.4 
-18.0 
-3.5 
-3.6 
-6.4 
-5.5 
-7.  3 
-12.2 
-9.1 

-13.4 

-13.6 

-6.7 

-6.7 

1.2 

7.2 

12.0 

18.9 

2b. 0 

32.9 

36.4 

40.7 

46 . 7 

57.4 

61.8 

72.1 

71.9 

76.2 

78.2 

80.6 
84.1 
87. b 
86.0 
86.8 

81.8 

89.5 

95.3 

98.8 

102.2 

101.4 

105.8 

105.8 

113.4 
116.1 
122.1 

130.7 

131.6 

138.6 

146.3 
143.0 

145.6 

145.6 


(The  reverse  of  this  page  is  blank.) 


INITIAL  DISTRIBUTION  LIST 


OUSDRM-:  I 

■  i:  Al-'/M  I Q  1 

OTL'/bl'A  12 

OSAF/PA  1 

HQ  UAAF/I.FKV  1 

II','  USAF/SGPA  1 

! IQ  AFGC/OLKP  1 

III,'  AFSi  /SD  1 

UFAFOF.HL/CC  1 

AFOSR/N1,  1 

-Sp'GGX  1 

sp/DEV  1 

sn/i.v- 1  l 

llo  MAC/UKKV  1 

Hy  MAi  YDEKE  1 

USAF  llosp  l  t  a  1/HGB-We  i  sbadon  1 

A!!!,,  I.SF  71-24U  1 

IK,'  USAFA/Lihrary  1 

UHAFRCE/WR/DEEV  1 

UHAFRCF/CR/DEEV  I 

USAFRC'F./ER/DEEV  1 

USA  Chief,  PSD/EQ  1 

MSN,  Chief  RS.D/EQ  I 

USAF  Hospi tal/SGP-Edwards  1 

AFATL/DLODL  1 

USAF  Hospi tal/SGP  1 

HQ  SAC /DEV  1 

USAF  Hospi tal/SGP- Vandonberg  1 

SAALC/SFQT  1 

IISAF  Hospital  /SGPR-Robi  ns  1 

hibrary,  Chomi  on  t  Abstracts  Sve  1 
IIQ  AFF.'.i  '  UlF.V  1 

HQ  AFFSO/TST  I 

HQ  Ai'KSC/RPV  IS 

EPA/ORI)  1 

AFIT/Library  1 

AF1T/UE  1 

HQ  A  FI, C/S GB  1 

HQ  AFI.C/DE  1 

HQ  AFI.C/DEPV  1 

UF.AF  Hosp/SGPB-Wr iqht-Patterson  1 
USAF  Hosp/SGP-H  ill  1 

I  IT  Research  Inst  (Mr  Fochtman)  1 

Alaska  Area  Native  Health  Svc  4 

NASA/MP-h  (Mr  Williams)  1 

NASA/PL-PEP- J2  (Mr  Scott)  1 

pliinmri<;  nre  Corp  (Mr  Sivik)  1 

A  FAT  I.  ul, i>UR  1 
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